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TRANSLATION  NO. 

DATE:  36 


DEPARTMENT  OP  THE  ARMY 
Fort  Patrick 
Fradtrlck,  Maryland 


{Following  is  transit tion  of  an  article  by  R.  Haas, 

Thonasen  and  H.  Roth  in  the  C-emn-langnaja  Journal 

Soutache  Keditinlscho  ■••pchonachrlft  (German  Kodioal 
WeeSy) ,  VolT  86,  1961.  So.  ¥5,  pp*  &hl-2lM.] 

RAPID  ACTIVE  EfcUIOZATIQN  AGAIKST  TSTAMJS 

According  to  many  authors  (1,  2,  3),  simultaneous  inoculation 
represents  todty,  in  casts  of  Injury,  for  noninmunixed  or  insuffi¬ 
ciently  Jasnui^ad  parsons  the  method  of  ohoica  for  tetanus  prophylaxis* 
It  consists  ts  a  rule  in  the  more  or  less  simultaneous  but  looally 
separated  injootion  of  at  least  1,500  international  units  of  tetanus 
antitoxin  and  of  a  dose  of  tetanus  vaccine.  Active  tetanus  immunisa¬ 
tion  initiated  with  the  first  injection  of  tetanus  vaccine  is  usually 
eosplessnted  by  the  injection  of  a  second  dose  of  vaooina  4-6  weeks 
later.  The  second  dose  of  veoaine  oust  not  be  omitted  and  can.  If 
absolutely  necessary,  at  most  be  somewhat  -retarded. 

The  purpose  of  simultaneous  Immunisation  Is  evident.  The  ad¬ 
ministration  of  antitoxin  provides  the  patient  in  the  shortest  inter¬ 
val  of  time  vith  a  oertaln  oonoentration  of  antitoxin.  However,  the 
latter  begins  to  drop  immediately  after  creation  in  aooordanoe  with 
an  exponential  law.  To  this  is  dus  the  short  duration  of  this  pas¬ 
sive  protection.  The  simultaneously  induced  active  immunisation  has 
the  purpose  of  raplaeing  the  receding  passive  Immunity  as  fast  as 
posaiblo  by  aotive  irounlty.  Its  advantages  beooae  effective  prima¬ 
rily  only  for  eventual  later  injuries  beoause  we  can  forego  an  injec¬ 
tion  of  antitoxin  and  therefore  avoid  the  risks  in  connection  with 
th'i  injection  of  animal  sera  (anaphylaotio  shook,  ellergio  shook, 
serum  disease).  If  the  simultaneous'  inoculation  was  tried  out  as 
prescribed,  1.  e.  if  it  consisted  of  at  least  two  injections  of  vao- 
olne  in  addition  to  the  injection  of  antitoxin,  in  a  possible  later 
new  injury  or  other  exposure  depending  on  the  point  in  time  of  its 
occurrence,  either  no  specifio  prophylaotio  measures  ere  effected  or 
a  dose  of  vaccine  is  given  (booster  injootion)*  Anyone  who  decides 
to  administer  in  principle  the  vaooine  In  a  new  injury,  cannot  commit 
an  error. 

It  is  eooaslonaUor  regarded  as  e  oertaln  disadvantage  of  aotive 
imsunlxatlen  that  a  relatively  long  Interval  seems  to  elspse  until 
It  leads  to  a  oonoentration  at  antitoxin  regarded  as  of  sufficient 
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stability.  As  &  rule,  this  is  tha  casa  only  a  few  days  tftar  tha  second 
injection  of  vaccine.  If  healthy  individuals  ana  immunized,  this  dis¬ 
advantage  Is  of  no  significance!.  The  case  is  different  In  elsultcaeous 
inoculation.  It  is  hero  desired  obviously  to  have  &  method  of  active  • 
immunization  which  leads  so  quickly  to  the  formation  of  tetanus  anti-  , 
toxir.  that  it  will  still  benefit  the  late  tetenus  case.  There  is  hardly 
any  doubt  that  the  present  form  of  simultaneous  prophylaxis  is  not  I 
able  to  aosorplish  this.  However ,  no  foots  are  known  which  would  have 
to  be  interpreted  ir.  another  sense.  Perhaps  it  is  impossible  in  prin¬ 
ciple  to  convert  a  recoding  heterologous  passive  immunity  into  active 
immunity  without  any  gap.  However  this  may  be,  the  situation  has  in-  j 
cue  sc.  us  to  investigate  if  it  is  possible,  by  changing  the  customary 
intervals  of  inoculation  with  or  without  increase  of  the  injections,  j 
to  obtain  adequate  antitoxin  concentration  in  the  blood  earlier  than  ; 
otherwise.  She  following  reports  on  the  results  of  the  findings. 


Material  and  Methods 


Members  (males)  of  the  Gentian  Red  Cross  in  Freiburg/3r.  volun¬ 
teered  for  the  investigation.  Two  groups  of  16-17  each  individuals 
■rare  formed  for  whom  a  basic  Immunisation  with  tetanus  vaccine  had 
neither  begun  or  tandnated.  Sane  of  the  individuals  had  suffered 
from  tetanus.  Some  of  the  individuals  had  already  been  immunised  pas-: 
lively  once  or  several  times.  The  last  administration  of  serum  than 
was  always  more  than  4-5  years  in  the  past.  The  distribution  of  age 
was  as  follows i  13  individuals  from  14-20  years;  6  individuals  from 
21-25  years;  5  individuals  from  26-33  years;  and  9  individuals  from  • 
34-54  years. 

?or  immunisation,  we  utilized  the  aluminum  hydroad.de  adsorbate 
toxoid  ntatar.ol"  of  the  Behring  plants,  Karburg/L.  The  vaccine  had 
the  control  2Jo.  44>  and  had  boon  tested  in  the  Paul-Shrlioh  Institute 
os  17  October  1957*  0.5  ml  of  the  vsooine  contained  not  less  than 
75  337.  Innooulctioa  began  on  10  July  1933* 

The  vaooins  was  injected  subcutaneously  and  alternately  in  the 
subdeltoid  region  of  both  arms  and,  for  some  individuals,  also  In  the 
iafraolavicular  region  if  the  infiltrations  in  the  upper  arm  were  too 
'  large. 


Group  I  comprised  16  individuals,  each  of  which  received  2 
toxoid  injections  at  ai_  interval  of  10  days.  1.0  ml  were  injected 
on  the  first  and  0.5  cl  "tetanol"  were  injected  on  the  tenth  day. 


Group  H  oonprised  17  individuals,  each  of  vhich  received  5 
toxoid  injections  at  intervals  of  2  days  eaoh.  Injections  consisted 
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of  1.0  ml  on  the  first  sad  0.5  ml  of  "tetanol*  on  the  third,  fifth, 
seventh  sad  ninth  day. 

Evaluation  was  sffsctsd  through  serum  antitoxin  determination 
in  alee.  In  addition  to  the  blood  specimen  prior  to  Vaccination,  such 
specimens  were  taken  on  the  13th,  19th,  39th.  69th  and  129th  day  after 
start  of  vaccination  and.  in  Group  XI,  additionally  on  the  ninth  day 
after  the  start  of  vaccination.  Determination  of  antitoxin  titer  was 
carried  out  in  the  customary  manner  by  employing  test  toxin  and 
standard  antitoxin.  All  indications  of  titer  are  in  International 
units  per  al. 


EfePgBSS. 

Table  1  and  2  contain  the  data  on  antibody  concentration  aea- 
sured  In  the  sera  of  the  individuals  obtained  at  different  tines  sub¬ 
sequent  to  vaccination.  Group  X  reached  a  mesa  antibody  titer  of  1.8b 
x  10"  3  XU  /ml  20  days  after  begin  of  vaccination  and  after  subsequent 
steep  rise.  a  titer  of  about  2.5  x  10”z  IU/ol  on  the  39th  day.  As 
long  as  examination  took  place,  no  further  essential  change  occured 
during  the  following  four  months. 

Table  1.  Antibody  titer  individuals  injected  with  "tetandl* 
la  Group  1.  In  IU/ml  serum 
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Table  ?.,  Antibody  titer  of  individuals  in  Group  II 
injected  with  “tetand",  in  EJ/ml  serum 


The  oausa  of  antitoxin  formation  in  Group  H  was  similar  but  i 
the  steep  rise  set  in  earlier  and  reached  prior  to  the  20th  day  a 
value  above  the  mean  value  of  Group  I  and  rose  further  to  7-8  times 
of  the  value  of  Group  I,  i.e.  1. 5-2.0  x  IQ"1  HJ/nl. 


Another  piotur#  of  the  differing  affeot  of  the  two  methods  of 
immunisation  is  offered  by  the  consideration  of  the  Individual  titer 
curves  within  the  two  groupa.  In  Group  I.  the  individual*  reacted 
individually  rather  differently  in  regard  to  the  speed  end  extent  of 
antibody  formation.  In  Group  II.  this  behavior  gives  way  to  a  more 
uniform  type  of  reaotloa  with  a  much  smaller  individual  spread. 

If  we  assume  a  concentration  of  0.005  HJ/ml  antitoxin  as  the 
lowest  value  Affording  protection  against  an  intoxication  as  it  may 
occur  in  man  as  the  consequence  of  an  injury,  then  the  talk  of  the 
individuals  of  Group  IX  reached  this  limit  already  prior  to  the  20th 
day  after  the  start  of  iMounisatioa.  i.e,  13  out  of  17  individuals. 
In  Group  I.  only  4  of  16  individuals  resohed  this  value  prior  to  the 
20th  day,  9  out  of  Id  only  after  X  days.  The  relations  are  grouped 
la  Table  3. 

The  Individual  value*  were  obtained  by  interpolation.  We  - 
obtained,  as  average  elapsed  interval  for  eotooortlng  0.005  TDr* 1, 

35.5  days  in  Group  I  end  20,5  days  In  Group  S.  With  a  mean  quadra¬ 
tic  deviation  ef  ■  15*35  *od  *2  ■  7.30  and  the  degrees  of  freedom 

^■15aai^wl6,  we  obtain  a  dUtarenoe  of  the  aeaa  values  which 


cannot  be  regarded  as  rendm  (t  ■  3.6  at  a  Po.001  3«63)«  The 

difference  in  the  variations  of  the  individual  value  can  also  be  de¬ 
termined  exactly,  and  can  no  longer  be  regarded  as  randen:  ' 

_2 

?  «  — 5L -  -  4.44  and  P0>01  -  3.46 

•a 


Table  3.  Dietrlbutlon  of  intervale  after  which  Individual 
titare  reached  or  axceadad  0.003  ru/ml 
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Aa  findings,  we  gen  now  indioete  that  only  19?  of  Qroup  I  had 
reached  the  orltioal  Unit  of  0.005  XU/aL  on  the  19th  day  after  atart 
of  inamieation  vhimi  80?  of  flroup  n  were  alraady  protested  et  this 
point.  Kora  over,  the  orltioal  Unit  it  reached  sore  uniformly  in 
Group  H. 

Throughout  tho  entire  experimental  aeriei,  so  oosmlioations 
due  to  vaooinatloa  occurred  in  any  individual  vhieh  would  have  roduoed 
the  oepahillty  for  work.  Generally,  only  lootl  reddening  occurred 
at  tha  point  of  vaodaatioo  whioh  exceeded  the  dianetor  of  4-5  on  only 
in  infrequently  oaeee  and  (onetime*  ohanged  into  sesMwhat  largar  in¬ 
filtrates.  Four  months  after  etart  of  waooinatifle,  the  points  of 
vaccine ti on  no  longer  abowed  any  observable  signs. 

m^auisian 

A  ao-oelled  basic  or  foundation  iaanniaation  against  tetams 
consists  of  two  injections  of  vaccine  which  ere  generally  administered 
at  an  interval  of  at  least  4-6  week? .  If  this  Interval  la  observed, 
it  nay  be  anticipated  that,  a  few  days  after  the  eeooad  indention, 
e  high  percentage  of  a  group  regarded  ee  representative  will  have 
formed  tetams  aatltosdn  in  an  mount  considered  ea  mffleiaot. 

few  reliable  ladioattcsu  can  be  found  in  literetnre  of  the 


condition  under  which  shorter  intervals  between  two  injections  are 
sufficient  in  order  to  achieve  the  desired  effeot.  It  would  here  be 
necessary  first  to  define  what  is  meant  by  desired  effect.  It  is  con- 
oolvablo  that  this  effect  nay  be  considered  as  reached  in  sane  eases 
when,  at  a  shortened  interval  of  the  two  injections,  the  antitoxin 
concentration  considered  as  adequate  may  perhaps  not  be  determined 
one  week  after  the  second  Injection  bat  perhaps  two,  throe  or  four 
weeks  later.  In  other  words,  there  &ra  situations  in  which  it  is 
relatively  unimportant  when  the  antitoxin  threshold  considered  as 
necessary  is  exceeded  gnd  where  we  are  only  concerned  that  this  be 
the  case.  For  example,  this  oen  be  the  ease  If  healthy  individuals 
are  available  only  for  a  relatively  short  tine  for  carrying  out  the 
vaoeinatian.  On  the  other  hand,  situations  nay  be  Imagined,  as  is 
shown  by  the  example  of  simultaneous  vaoeinatian  In  the  oese  of 
injury,  in  which  it  is  Important  not  only  to  oonpletc  active  imxuxd na¬ 
tion  itself  la  a  short  tine  but  to  exceed  moreover  the  oritloal  anti¬ 
toxin  threshold  of  the  blood  as  far  as  possible.  Another  question  in 
this  connection  is  the  one  whether*  in  the  case  of  nonr-immuniied  and 
injured  patients,  we  oen  permit  the  administration  of  antitoxin  as 
suoh  and  attempt  to  aohieve  the  desired  result  instead  by  (jiving  toxoid 
injections. 

In  order  to  obtain  sene  information,  on  the  questions  outlined, 
we  carried  out  aotive  tetanus  immunisation  on  two  groups  of  indivi¬ 
duals.  A  series  of  praotiosl  viewpoints  were  decisive  for  the  experi¬ 
mental  arrangement.  We  utilised  tetanus  adsorbate  vaccine  for  the 
first  and  second  injections,  although  this  procedure  it  not  neces¬ 
sarily  to  be  regarded  as  optimum  from  s  theoretical  standpoint. 

D' An  tone  and  Piatsi  (b)  have  shown  that  it  la  possible  to  obtain  mob 
higher  antitoxin  titsr  if  only  the  first  vaccination  is  performed  with 
adsorbs ts  vaccine  and  the  Inter  injections  with  liquid  toxoid  free 
of  adjuvants.  This  oorretpooda  to  the  gsaersl  rulos  of  Immunisation 
with  vaccines  containing  adjuvants  (8).  However,  we  deeidsd  on  the 
procedure  prescribed  is  spits  of  this  beams*  today  only  adsorbate 
toxoids  ire  available  is— stiiIsHt  is  the  Federal  Republic  sad  the 
practicing  physician  la  re  striated  to  these  preparations. 

Since  only  relatively  few  voluntary  individuals  were  available 
for  the  experiment,  wo  have  restrioted  the  octant  of  the  investigation 
somewhat.  In  plus*  of  a  Larger  cosher  of  groups  of  indivi<hial«  where 
it  would  have  been  possible  to  vary  the  interval  between  the  two  in¬ 
jections  Bars  greatly,  w*  have  formed,  in  view  of  tbs  relative  total 
number,  only  two  group*  and  opera  tad  merely  with  a  uniform  shortening 
of  ths  interval  to  10  days,  fids  interval  was  selected  in  order  to 
test  ldwther  it  would  be  possible  to  aohieve  land  cation  in  an  in¬ 
terval  at  time  which  would  still  be  la  a  res  ecash  Is  relatim  to  ths 
Incubation  time  ef  tetanus.  Base  (5)  recorded  aaamg  his  material  only 
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15?  of  cases  of  tetanus  where  the  period  of  incubation  was  shorter 
than  10  days. 

Since  we  anticipated  that  this  interval  would  possibly  be  in¬ 
sufficient  in  order  to  accelerate  the  result  of  vaccination,  we  com¬ 
bined,  in  the  second  vaooinating  plan,  the  shortening  of  the  inter¬ 
val  of  vaccination  to  10  days  vith  an  increase  of  the  number  of 
injections  and  consequently  also  of  tho  total  antigen  dose. 

The  result  of  the  investigations  in  Group  X  showed  that  the 
shortening  of  the  interval  as  against  the  customary  Interval  of  4-6 
weeks  does  not  acoelerete  the  result  of  vaccination.  The  critioel 
antibody  concentration  is  reaohed  by  nost  of  the  individuals  tested 
only  after  four  weeks.  However,  there  was  available,  on  the  39th  day, 
an  adequately  high,  even  though  not  entirely  satis  factory  antibody 
titer  which  testifies  that  the  basic  lnamnieatlon  vas  successful  in 
spite  of  the  short  interval.  Ms  any  prudently  consider,  in  view  of 
the  ""fH  number  of  individuals,  that  in  urgent  oases,  e.g.  in  the 
oase  of  early  discharge  of  a  patient,  the  second  dose  can  follow  10 
days  after  start  of  insualiaticn  with  an  expectation  of  success. 
However,  it  should  be  considered  that  the  first  Injection  in  our  ex-  ■ 
porlmnts  oonsitituted  double  the  eustonary  dose.  ^ 

Increase  of  the  nuttier  of  injections  end  therefore  also  of  the 
total  antigen  in  tho  seoond  vaccination  plan  led  to  another  result.  ,  1 
On  the  20th  day  after  start  of  limnlsaUon,  ever  80$  of  tho  indlvi-  (| 
duals  reaohed  an  antitoxin  concentration  in  the  serum  at  which  proba- 
bly  affords  protection  against  te tarns.  Vhothar  tho  possibility  of  ' 
actively  aeoelereting  the  fonts ti on  of  tetanus  antitcodn  has  signifl-  }' 
canoe  In  practice,  primarily  in  eases  of  injury,  wo  are  unable  to  say.  ‘ 
There  ie  no  doubt  that  it  is  possible,  in  the  aaaner  described,  to  it 
erects  e  oertain  antitoxin  oenoantrutlen  in  the  bleed  vithlng  *  eon- 
ridereblo  percentage  of  the  periods  ef  laaubattsn  of  tetanus.  10-25$ 
of  all  tetama  oases  are  alleged  to  have  periods  ef  incubation  of  ' 
more  than  20  days  (J,  6).  However,  thure  la  still  the  question  whe-  . 
ther  the  period  of  lnoubetion  reprebeats  the  one  factor  which  has 
decisive  imortance  for  the  erection  of  active  tetanus  insanity  in 
the  race  with  the  outbreak  df  the  ollzdoal  sickness.  Perhaps  entirely 
different  pathogenetic  factors  are  sure  important.  Fbrtheanere,  we 
need  to  clarify,  for  tho  ease  of  simultaneous  vaoolnatian  under  the 
ccoditiaas  described,  how  such  e  forced  active  launieetion  affeotm 
passive  immunity.  |ctaum  a)  did  demonstrate  that  the  aoeelnetien  ^ 
ef  the  of  entitoBdn  through  the  siuulteneweely  adsdnietered 

toxoid  oaa  be  neglected  In  the  east  sms  ry  ttmttUaieu  prophylaxi  s. 
However,  ether  investigmttssu  will  heve  to  easmsine  the  Influanoe  of 
the  utillaatioe  of  Uhv  mmsents  of  tooBSid  an  the  cllartnstlaa  of 
passively  developed  aitlteeln.  However,  it  weuld  eppeer  oertain  in 
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say  event  that  it  will  not  oe  possible  oven  with  the  forced  active 
iremnization  asethod  utilised  by  us  to  convert  the  receding  passive 
antitoxic  iaminity  Into  an  active  lsnunity  without  any  gap.  Finally, 
the  possibility  voiced  of  foregoing  serum  injection  entirely  because 
high  toxoid  injections  oan  lead  sufficiently  quickly  to  an  actively 
famed  antibody  concentre tion,  finds  no  support  In  the  present  inves¬ 
tigations.  It  is  entirely  possible  to  discuss  the  action  and  the 
value  of  possibly  induced  heterologous  antitoxins  froa  various  view¬ 
points  but  to  replaoe  than  by  a  toxoid  injeotion  on  the  basis  of  the 
present  investigations  would  be  tantamount  to  abandoning  the  basis 
of  oonflxaed  facts. 


Surgery 

Too  groups  of  1&-17  persona  each  were  actively  imusised 
against  tetanus.  The  first  group  received  two  injections  of  1.0  and/ 
or  0.5  cca  at  an  Interval  of  10  days.  The  second  group  received  a 
total  of  J  injections  of  1.0  oca  Initially  and  0.J  oan  subsequently 
at  intervals  of  2  days  eaoh.  The  vaccine  utilised  was  "tetanol",  con¬ 
trol  £0.  44,  of  the  Behring  plants.  The  vaccine  contained  not  less 
than  150  international  units  per  eat.  Prior  and  up  to  the  12?th 
day  after  start  of  vaoulnatioB,  repeated  determination  of  blood  anti 
toxin  was  carried  out  six  times  in  Group  I  and  seven  times  in  Group 
XX.  0.005  XC/coa  sexua  are  regarded  as  critical  threshold  veins  of 
the  antitoxin  concentration  in  the  blood.  The  Individuals  of  the 
first  group  reeehed  and/or  exeeeded  this  value  prior  to  tM  2?th  day 
after  start  of  1—nl  aatjaa.  Only  5  of  Id  individual a  of  this  group 
had  roeohod  and/or  —ceded  this  veins  on  the  19th  day.  13  of  the 
17  individuals  of  droop  XX  had  reeehed  or  —  eedsd  tide  veins  by  the 
19th  day.  the  average  antitoxin  content  in  the  bleed  of  individuals 
of  Qreup  XS  wee  et  least  15  tines  as  high  en  the  19th  day  ee  that  of 
the  Individuals  of  Qreup  X  end  about  6  tines  ae  high  on  the  39th  day, 
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